1. Introduction
===============

In the 2010 WHO classification for neuroendocrine neoplasms (NENs), gastroenteropancreatic (GEP) NENs have been classified into the following 3 categories: Grade 1 (G1): low-grade neuroendocrine tumors (NETs), Grade 2 (G2): intermediate-grade NETs, and Grade 3 (G3): high-grade neuroendocrine carcinomas.^\[[@R1]\]^ This grading system is strictly determined by mitotic count values and the Ki-67 index.^\[[@R1]\]^ Gastroduodenal NETs are a type of GEP--NET, and the incidence of gastric NETs among all GEP--NETs is known to range between 5.0% and 14.6%.^\[[@R2]\]^ The incidence of gastroduodenal NETs has gradually increased worldwide.^\[[@R2]\]^ Rindi et al^\[[@R3]\]^ examined and classified 55 patients with gastric NETs into 3 clinicopathological subtypes. Gastric NETs with types 1 and 2 are associated with hypergastrinemia, while gastric NETs with type 3 exhibit sporadic properties under normal gastrin levels.^\[[@R3],[@R4]\]^ According to the criteria of the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology (version 1.2015), observation or endoscopic resection is recommended as an initial treatment in cases of type 1 locally gastric NETs with a tumor size ≤2.0 cm.^\[[@R5]\]^ These guidelines also suggest endoscopic or surgical resection for cases of type 1 locally gastric NETs with a tumor size \>2.0 cm.^\[[@R5]\]^ On the other hand, cases of type 3 locally gastric NETs are at risk of lymph node metastasis due to the aggressive behavior of this tumor subtype.^\[[@R4]\]^ Consequently, the NCCN guidelines recommend radical gastrectomy with lymph node dissection for cases of type 3 locally gastric NETs.^\[[@R5]\]^ These guidelines also suggest endoscopic or wedge resection as an optional treatment for cases of type 3 locally gastric NETs measuring ≤2.0 cm in diameter.^\[[@R5]\]^ However, previous studies have detected lymph node metastasis in cases of type 1 gastric NETs measuring ≤2.0 cm or duodenal NETs measuring ≤5.0 mm in diameter.^\[[@R6],[@R7]\]^ These findings indicate an equivocal therapeutic strategy for gastroduodenal NETs.

Sentinel node navigation surgery (SNNS) has recently been developed as a minimally invasive tool with personalized lymphadenectomy for early gastrointestinal tract cancers, including gastric cancer.^\[[@R8]--[@R10]\]^ A prospective multicenter trial in Japan demonstrated the clinical safety and utility of SNNS using the endoscopic dual tracer method for early gastric cancer measuring \<4.0 cm in diameter.^\[[@R10]\]^ According to this prospective study consisting of 397 patients with cT1--T2 tumors preoperatively, the SN detection and accuracy rates were 97.5% and 99.0%, respectively.^\[[@R10]\]^ Moreover, we reported the potential of SNNS as a tool for grasping the lymph node metastatic status in patients with early gastric cancer after noncurative endoscopic resection.^\[[@R11]\]^ However, the clinical utility of SNNS for gastroduodenal NETs has not yet been established. We herein report 2 cases of gastroduodenal NETs treated with SNNS.

2. Case report
==============

In this case report, anatomical definitions of dissected lymph node stations were classified based on the criteria of the Japanese classification of gastric carcinoma (3rd English edition).^\[[@R12]\]^ The Ethics Committee at Kagoshima University approved this study and all patients provided written informed consent to participate in all procedures associated with the study.

2.1. Case 1
-----------

A 77-year-old woman was admitted to our hospital for the treatment of a 5.0-mm submucosal NET diagnosed by endoscopic biopsy specimens on the duodenal bulb (Fig. [1](#F1){ref-type="fig"} A and B). The patient was clinically diagnosed as being free of lymph node metastasis by ultrasonography (US) and computed tomography (CT) prior to surgery.

![Preoperative examinations by (A) esophagogastroduodenoscopy and (B) endoscopic ultrasonography. Case 1 had a 5.0-mm submucosal NET on the duodenal bulb.](medi-95-e4063-g001){#F1}

One day before surgery, 4 mCi (2 mL) of ^99m^ technetium-tin colloid including indocyanine green was endoscopically injected into the submucosa around the tumor at 4 sites using a disposable 23-gauge needle (MAJ-75, Olympus Corp., Tokyo, Japan). Two sentinel nodes (SNs) were identified in station No. 6 by the laparoscopic system with near-infrared fluorescence imaging (Olympus Corp.) (Fig. [2](#F2){ref-type="fig"}). Therefore, basin dissection including these SNs was performed. Radioisotope (RI) uptake was counted by Navigator GPS (TYCO HEALTHCARE, Ltd, Tokyo, Japan) in all basin-dissected lymph nodes. The 2 SNs that absorbed a 10-fold greater amount of RI than the background level were confirmed in station No. 6. Intraoperative hematoxylin--eosin (HE) staining revealed one metastatic SN in station No. 6 (Fig. [3](#F3){ref-type="fig"} A and B). Therefore, the operative method was converted to laparoscopic-assisted distal gastrectomy with D2 lymphadenectomy based on the Japanese Gastric Cancer Treatment Guidelines 2010 (ver. 3).^\[[@R13]\]^

![Laparoscopic findings based on near-infrared fluorescence imaging. Cases 1 had 2 sentinel nodes in station No. 6 (arrow).](medi-95-e4063-g002){#F2}

![Hematoxylin--eosin staining of a sentinel node. (A) The scale bar indicates 500 μm. Original magnification ×40. (B) The scale bar indicates 200 μm. Original magnification ×400.](medi-95-e4063-g003){#F3}

Pathological HE findings revealed submucosal NET measuring 6.0 mm × 5.0 mm with lymphatic invasion in the duodenum and two metastatic lymph nodes in station No. 6 as SNs and non-SNs, respectively (Fig. [4](#F4){ref-type="fig"}). Furthermore, this patient had low-grade NET (G1) with one mitosis per 10 high-powered fields and a Ki-67 index \<2.0%.

![Sentinel node mapping in patients with gastroduodenal neuroendocrine tumors. Sentinel nodes contained tumor cells in Case 1.](medi-95-e4063-g004){#F4}

2.2. Case 2
-----------

A 65-year-old woman was admitted for the treatment of a 7.0-mm submucosal type 1 NET diagnosed by endoscopic biopsy specimens on the middle third region of stomach. The patient was preoperatively diagnosed as being free of lymph node metastasis by US and CT.

SNNS was performed as described for Case 1. The patient had 2 SNs in station No. 4sb and No. 4d (Fig. [4](#F4){ref-type="fig"}). An intraoperative assessment based on HE staining did not show lymph node metastasis in these SNs. Therefore, this patient underwent laparoscopic local resection without lymphadenectomy as the clinical application of SNNS.

Pathological HE examinations revealed submucosal G1 NET measuring 4.0 mm × 4.0 mm without lymphatic invasion. Metastatic lymph nodes were not identified in any basin-dissected lymph node including SNs and non-SNs.

3. Discussion
=============

We herein reviewed 2 cases of gastroduodenal NETs for which SNNS was performed. To the best of our knowledge, we are the first to describe the clinical utility of SNNS as a personalized surgical treatment for gastroduodenal NETs.

According to the NCCN guidelines, endoscopic or wedge resection without lymphadenectomy is basically indicated for local gastroduodenal NETs measuring ≤2.0 cm.^\[[@R5]\]^ Endoscopic treatments are strongly recommended for duodenal NETs.^\[[@R5]\]^ Transduodenal local excision with or without lymph node sampling and pancreatoduodenectomy are ranked as optional surgeries in the initial treatment of nonmetastatic duodenal NETs.^\[[@R5]\]^ This proposal may depend on the invasiveness of surgery for patients with duodenal NETs. However, lymphadenectomy is understandably needed for patients with lymph node metastasis. It is clinically difficult to diagnose lymph node metastasis using preoperative imaging examinations, such as US, CT, and positron emission tomography, in patients with gastroduodenal NETs. In the present study, Case 1 had metastatic SN measuring \<3.0 mm at the greatest dimension and it was not possible to identify this metastatic SN by preoperative imaging examinations. Consequently, it is important to assess the presence or absence of lymph node metastasis intraoperatively using pathological examinations. An intraoperative diagnosis of lymph node metastasis may contribute greatly to the development of further surgical treatments with personalized lymphadenectomy for patients with gastroduodenal NETs.

A clinical application based on SNNS has recently been initiated for patients with gastrointestinal tract cancers, and several investigators have reported the clinical utility of SNNS for early gastric cancer.^\[[@R8]--[@R10]\]^ The application of SNNS to patients with gastroduodenal NETs may represent the most promising surgical procedure for these patients. Although Cases 1 had 2 metastatic lymph nodes, SNs included 1 metastatic lymph node. Cases 1 and 2 described herein are currently alive without disease recurrence 77 and 16 months after surgery, respectively. These results suggest that the SN concept may be established for gastroduodenal NETs as well as gastric cancer. Accordingly, endoscopic or wedge resection may be recommended for patients with pathologically nonmetastatic SNs, while curative resection with lymph node dissection may be performed in order to prevent lymph node recurrence in patients with pathologically metastatic SNs.

The laparoscopic system used herein in combination with near-infrared fluorescence imaging was introduced to identify SNs in addition to a radioguided method. Recent advances in near-infrared fluorescence imaging systems have simplified the visualization of SNs and effluent lymphatic vessels from primary tumor sites in SNNS.^\[[@R14]--[@R17]\]^ Although it was not possible to detect SNs under a normal view in Case 1, we easily identified 2 SNs in station No. 6 using the near-infrared fluorescence imaging system with indocyanine green. Furthermore, the combination of this imaging system and a radioguided approach is recommended as a dual-tracer method to decrease the false-negative rate in SNNS.

In conclusion, we herein demonstrated that SNNS has potential in personalized lymphadenectomy for patients with gastroduodenal NETs. This is a preliminary report to review the clinical utility of SNNS for gastroduodenal NETs. Therefore, further large prospective studies are needed in order to strengthen our conclusion.

Abbreviations: CT = computed tomography, GEP = gastroenteropancreatic, HE = hematoxylin--eosin, NCCN = National Comprehensive Cancer Network, NENs = neuroendocrine neoplasms, NETs = neuroendocrine tumors, RI = radioisotope, SNNS = sentinel node navigation surgery, SNs = sentinel nodes, US = ultrasonography.
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